BACKGROUND: Prediction of perioperative cardiac complications is important in the medical management of patients undergoing noncardiac surgery. However, these patients frequently die as a consequence of primary or secondary multiple organ failure (MOF), often as a result of sepsis. We investigated the early perioperative risk factors for in-hospital death due to MOF in surgical patients. METHODS: This was a prospective, multicenter, observational cohort study performed in 21 Brazilian intensive care units (ICUs). Adult patients undergoing noncardiac surgery who were admitted to the ICU within 24 hours after operation were evaluated. MOF was characterized by the presence of at least 2 organ failures. To determine the relative risk (RR) of in-hospital death due to MOF, we performed a logistic regression multivariate analysis. RESULTS: A total of 587 patients were included (mean age, 62.4 Ϯ 17 years). ICU and hospital mortality rates were 15% and 20.6%, respectively. The main cause of death was MOF (53%). Peritonitis (RR 4.17, 95% confidence interval [CI] 1.38 -12.6), diabetes (RR 3.63, 95% CI 1.17-11.2), unplanned surgery (RR 3.62, 95% CI 1.18 -11.0), age (RR 1.04, 95% CI 1 0.01-1.08), and elevated serum lactate concentrations (RR 1.52, 95% CI 1.14 -2.02), a high central venous pressure (RR 1.12, 95% CI 1.04 -1.22), a fast heart rate (RR 3.63, 95% CI 1.17-11.2) and pH (RR 0.04, 95% CI 0.0005-0.38) on the day of admission were independent predictors of death due to MOF. CONCLUSIONS: MOF is the main cause of death after surgery in high-risk patients. Awareness of the risk factors for death due to MOF may be important in risk stratification and can suggest routes for therapy. (Anesth Analg 2011;112:877-83) 
A lthough millions of operations are performed annually worldwide, relatively few patients undergoing major surgery are deemed high risk and at an increased risk of postoperative complications and death. 1 A large observational study reported that this population accounts for only 12.5% of all surgical procedures, but for Ͼ80% of related deaths. 1 Despite the high mortality rates, fewer than 15% of these patients were admitted to the intensive care unit (ICU), 1 showing that individual risk can easily be underestimated and high-risk patients not recognized.
In patients with major operative trauma, multiple organ failure (MOF) may be induced by various mechanisms including an aggressive inflammatory response, although the mechanisms by which this occurs are not clear. 2 Increasing evidence suggests that oxygen requirements increase significantly as a result of the injury and metabolic response to trauma. However, very frequently, high-risk patients are unable to spontaneously increase their cardiac output to match this increased oxygen demand. 3 Such patients are therefore more likely to develop oxygen debt and, as a consequence, severe systemic inflammation with death due to ongoing organ dysfunction and nosocomial sepsis. 4 In addition, not infrequently, these patients undergo surgery for peritonitis and therefore already have sepsis when submitted to surgery.
Several attempts have been made to help identify patients at risk of complications and death after surgery. Studies have identified predictors of morbidity and mortality after colon, esophageal, and gastric surgery, and after pulmonary resection. [5] [6] [7] Other studies have evaluated predictors of postoperative cardiac complications in noncardiac surgical patients. 8 -11 High-risk surgical patients admitted to the ICU frequently die as a consequence of primary or secondary MOF, the latter of which is frequently a result of sepsis. 12, 13 Predictors of death due to MOF have never been investigated in high-risk surgical patients. Therefore, we investigated the early perioperative risk factors for in-hospital death due to MOF in a population of surgical patients admitted to the ICU.
METHODS
Data were extracted from a prospective multicenter observational cohort study, the SCORIS study, performed from April 1 to June 31, 2006 , to which 21 Brazilian ICUs from 18 institutions (8 public and 10 private hospitals) contributed. The SCORIS study was designed to evaluate the epidemiology and clinical outcomes of surgical ICU patients and to develop a model to predict the outcome of such patients in Brazilian ICUs. The IRB from the coordinator center waived the need for informed consent because of the observational nature of the study. Institutional recruitment for participation was by open invitation from the study steering committee.
Adult patients (834 cases) undergoing noncardiac surgery and admitted to a participating ICU within 24 hours after operation were evaluated for inclusion. Patients undergoing trauma, neurological, gynecologic, obstetric, or palliative surgery were excluded.
Data were collected on age, gender, smoking habits, alcohol abuse, nutritional status, diabetes, renal function, chronic obstructive pulmonary disease, and presence of malignant disease.
Patients taking oral antidiabetic medications or insulin were considered to have a diagnosis of diabetes. Cardiopathy was defined as the presence of moderate or severe cardiomegaly, turgescent jugular veins, and use of digital, diuretics, antiangina, and antihypertensive drugs. Low functional capacity was defined as inability to climb 2 flights of stairs on subjective evaluation. Electrocardiographic abnormalities included nonsinus rhythms, frequent ventricular extrasystoles (Ͼ5/min), Q waves, or ST-T segment abnormalities. For the diagnosis of angina, the Canadian Cardiovascular Society classification system was used. A diagnosis of acute myocardial infarction required the presence of typical electrocardiographic alterations together with elevated cardiac enzymes and/or segmental wall motion abnormalities on echocardiography. Other clinical predictors of increased perioperative cardiovascular risk were defined according to the American College of Cardiology/American Heart Association guidelines. All data were entered on an electronic case report file (Comunicare®) and the variables were cross-checked by 2 of the authors.
The following procedures were considered major surgery: laparotomy, enterectomy, cholecystectomy with choledochostomy, major amputation, vascular and aortic procedures, rectal abdominoperineal resection, pancreatectomy, esophagectomy, and hepatectomy. Unplanned surgery comprised admissions after urgent (within 48 hours of referral) or emergent (immediately after referral/consultation) surgery. The Physiological and Operative Severity Score for the Enumeration of Mortality and Morbidity (POSSUM), the Acute Physiology and Chronic Health Disease Classification System II (APACHE II) score, the Multiple Organ Dysfunction System score, and the Sequential Organ Failure Assessment score were calculated. 14 -17 Peritonitis was classified according to the findings noted at laparotomy as either serum fluid associated with an infection site or the presence of collected or diffuse purulent discharge in the abdominal cavity.
14 Severe bleeding was defined as an estimated blood loss Ͼ500 mL during surgery. For vital signs, laboratory tests, and central venous pressure (CVP) measurements, the most abnormal values collected over the first 24 hours of ICU stay were registered.
Sepsis syndromes were defined according to the consensus conference definitions. 18 Early-and late-onset sepsis were defined as a diagnosis of sepsis made within 72 hours of ICU admission or thereafter, respectively.
Causes of death were classified as follows: MOF, characterized by the presence of at least 2 organ failures contributing to death; refractory cardiovascular failure, characterized as uncontrollable hypotension despite highdose vasopressors determining death; coagulation failure, characterized as need for massive transfusion, and hemorrhagic shock after surgery; sudden death (unexpected cardiac arrest); and unknown cause.
Data were analyzed using SPSS 13.0 for Windows (SPSS, Inc., Chicago, IL). Continuous variables are presented as mean Ϯ SD and/or median (range), and categorical variables are reported as absolute numbers (percentages). Nonparametric tests of comparison were used for variables evaluated as not normally distributed. Difference testing between groups was performed using the 2-tailed t test, 2 test, Wilcoxon test, analysis of variance, and Fisher exact test as appropriate. Bonferroni adjustment was used for multiple comparisons. We considered P Ͻ 0.05 as statistically significant.
We performed a logistic regression multivariate analysis with in-hospital death due to MOF as the dependent factor. Variables considered for the regression analysis included age, gender, comorbid diseases, the type of admission (planned or unplanned), the type of surgery (nonmajor or major), malnutrition, alcoholism, maximal heart rate (HR), lowest hemoglobin concentration and highest urea concentration before operation, severe bleeding during surgery (estimated blood loss Ͼ500 mL), arrhythmia during operation, peritonitis, postoperative measurements of minimal and maximal CVP, minimal axillary temperature, total leukocyte count, hemoglobin concentration, serum lactate concentration, pH, and total platelet count. Colinearity between variables was excluded before modeling. Covariates were selected and entered in the model if they attained a P Ͻ 0.2 on a univariate basis.
POSSUM scores with respective estimated mortality rates were calculated. Discrimination for the severity scores was assessed by area under receiver operating characteristic (ROC) curves.
RESULTS

Characteristics of the Study Groups
A total of 587 consecutive patients were admitted to the participating ICUs during the study period (55% male; mean age ϭ 62.4 Ϯ 17 years). A total of 247 patients were excluded (127 for neurosurgery; 35 palliative surgery; 6 gynecologic surgery; 32 trauma; 34 lost to follow-up; 8 were younger than 18 years; and 5 had no indication for ICU admission).
The characteristics of the study groups are shown in Table 1 . Cardiopathy (35.4%), cancer (32%), and diabetes (20%) were the most prevalent comorbid conditions. Sixtysix percent of the patients were admitted after major surgery and 32% after unplanned surgery. The most common type of surgery was gastrointestinal surgery (44%) followed by vascular procedures (23%).
A total of 135 patients (23%) had sepsis during their ICU stay; 64% of these died in the hospital. One hundred forty-one patients (24.0%) had peritonitis of whom 66 (46.8%) developed sepsis, with 50 cases of early-onset sepsis (37%).
The ICU mortality rate was 15%. Overall hospital mortality rates were 16.7% at 30 days, 20.6% at 60 days, and 20.6% at 90 days. The causes of death in the ICU were MOF (53%), sudden death (14.9%), refractory shock (6.8%), bleeding (2.5%), and unknown (22.8%).
Of the patients who died, 94% had significant medical comorbidities at the time of surgery (3.4 Ϯ 2.2), 66% had undergone urgent surgery, 70% were older than 60 years, and 46% older than 70 years. In addition, 35% had low functional capacity, 28% malnutrition, and 26% hemodynamic instability before surgery. Serum lactate concentrations, HR, and CVP values were higher and pH lower on the first day of ICU admission in nonsurvivors ( Table 2) . 
Characteristics and Outcomes of the Patients Who Died Due to MOF
Death was due to MOF in 64 patients (53%) ( Table 1) . Patients who died due to MOF were more severely ill on ICU admission (APACHE II, 19.9 Ϯ 6.9 vs 17.1 Ϯ 6.0, P Ͻ 0.05) and more frequently died in the ICU (98.4% vs 43.8%, P Ͻ 0.05) than patients who died due to other causes. Low functional capacity (41% vs 21%) and gastrointestinal surgery (25% vs 3.5%) were significantly more frequent in patients who died due to MOF than in patients who died due to other causes (P Ͻ 0.05 for both). In contrast, alcoholism and other types of surgery were more frequently associated with deaths due to other causes (Table 1) . Early onset sepsis was more prevalent in patients who died due to MOF (34.3%) compared with patients who died of other causes (19.3%) but the difference was not statistically significant (P ϭ 0.09).
On the day of ICU admission, the maximal CVP was significantly higher (18.2 Ϯ 7.7 vs 14.5 Ϯ 8.2 mm Hg, P Ͻ 0.01) and the pH significantly lower (7.20 Ϯ 0.13 vs 7.27 Ϯ 0.09, P Ͻ 0.05) in patients who died due to MOF than in patients who died of other causes ( Table 2 ).
The variables identified as independent predictors of death due to MOF were age, unplanned surgery, diabetes, peritonitis, and, on the first day of ICU admission, high CVP (mm Hg), increased HR, increased serum lactate concentrations (mEq/L), and pH (Fig. 1) .
Comparison Between the Outcomes of the Patients to That Predicted by the Severity Scores
The POSSUM score gave a standardized mortality ratio of 1.2 (degrees of freedom ϭ 0.02, P ϭ 0.001). The area under the ROC curve for hospital mortality was 0.80 (95% confidence interval 0.775-0.840) for the POSSUM score. The areas under the ROC curves for hospital mortality for APACHE II, Multiple Organ Dysfunction System, and Sequential Organ Failure Assessment scores were 0.808, 0.802, and 0.805, respectively (Fig. 2) .
DISCUSSION
Despite the large amount of resources directed at evaluating the risk of perioperative cardiovascular complications, our results indicate that MOF is the main cause of death in high-risk surgical patients, deemed to be the cause of death in 53% of our patients. MOF has recently been shown to be the main cause of morbidity and mortality in patients admitted to ICUs, and has been calculated to account for up to 80% of ICU deaths. 19 In an Australasian study, MOF was the cause of death in 20.3% of patients admitted to the ICU with severe noninfectious systemic inflammatory response syndrome and in 69% of patients with severe sepsis. 20 In a large prospective study performed in a population of mainly surgical critically ill patients, acute or chronic MOF prevailed as the cause of death in the ICU. 13 In a study on macroscopic postmortem findings in surgical intensive care patients with sepsis, the main causes of death as reported in the patient history were refractory MOF in 51.5%. 21 The multivariable analysis confirmed that tachycardia, high CVP and serum lactate levels, and pH on the day of admission to the ICU are early predictors of death due to MOF. Moreover, we found that unplanned surgery, peritonitis, older age, and the presence of diabetes significantly increased the risk of death due to MOF.
Tachycardia, lactic acidosis, or acidosis due to other causes, such as hyperchloremic acidosis, are common occurrences after major surgery. These factors are undoubtedly related to traumatic and long operations, with an enhanced systemic inflammatory response, inadequate resuscitation, and tissue hypoperfusion. Our findings are consistent with numerous studies that have demonstrated an association between organ hypoperfusion and indices of tissue trauma and organ dysfunction. 22, 23 Likewise, studies in surgical ICU patients, and in patients with infection, sepsis, and shock have reported worse outcomes related to higher serum lactate concentrations. 24 -28 Prolonged lactate clearance is related to increased mortality after surgery, and lactate nonclearance during resuscitation was a strong independent predictor of in-hospital death in patients with severe sepsis. 29 -31 Importantly, we found a 12% increase in the risk of death due to MOF for each unit increase in CVP. Traditionally, cardiac filling pressures have been used to assess volume status in critically ill patients. The observational design of our study does not allow us to conclude whether elevated CVP levels represented excessive intravascular volume, poor cardiovascular reserve, or both. Moreover, in more complex cases, the presence of external or intrinsic positive end-expiratory pressure, abdominal hypertension, compromised left ventricular compliance, which is frequently decreased in ICU patients with sepsis, ischemic or hypertrophic cardiopathy, can increase CVP measurements even in the presence of hypovolemia. Nevertheless, several studies have associated a positive fluid balance with complications and death in ICU patients. 32 MOF development in patients imposes a heavy burden on staff and resources, and patients have long ICU lengths of stay and high costs. Awareness of early risk factors for MOF would be valuable if changes in clinical management could be prompted by potentially avoidable predictors of poor outcome. Several important clinical trials have documented that early aggressive resuscitation using welldefined protocols, such as goal-directed therapy (GDT), improves outcomes and is cost effective. [33] [34] [35] [36] [37] [38] [39] [40] These studies have used therapeutic strategies aimed at boosting cardiorespiratory function and maintaining end-organ perfusion through a more individualized and targeted fluid therapy and reported reductions in the length of ICU and hospital stay, a faster recovery of gastrointestinal function, and a reduction in mortality when GDT was performed in higher risk surgical patients. 41 The mortality rate in our study was higher than that predicted by the POSSUM score. All scoring systems that we evaluated had the same capacity of predicting hospital mortality in this population of surgical patients admitted to the ICU postoperatively. Unfortunately, in our country, early GDT, best known in this set of patients as optimization of oxygen delivery, is still not widely used in clinical practice despite the growing body of evidence. As a consequence of our findings and the high mortality observed in this population of surgical patients, we recommend sequential measurements of serum lactate, pH, and CVP to be used in the context of well-defined protocols of optimization of oxygen delivery to guide adjustments of IV fluid administration and use of dobutamine to maintain a maximal stroke volume in the perioperative period. 34 -39 Age has been reported to be independently associated with MOF in medical patients and in heterogeneous populations of critically ill patients, with death in patients with systemic inflammatory response syndrome and MOF, and with post-ICU mortality in surgical ICU patients. 12, 20, 42, 43 Serum glucose levels were tested in the logistic regression model but were not retained; however, a history of diabetes was a strong predictor increasing the odds of MOF by 3.63. Diabetes mellitus is a chronic, systemic debilitating condition that affects many organ functions, increases the likelihood and extent of coronary artery disease, and increases the likelihood of infections. Other studies have shown that glucose levels and glucose variability, rather than diabetes, were important factors associated with organ dysfunction. 44, 45 Hyperglycemia was independently associated with organ failure and death in critically ill children. 46 Unplanned surgery increased the odds of death due to MOF by almost 4-fold. Indeed, in a prospective, observational, Australian study, performed in 1125 subjects undergoing surgery in a tertiary teaching hospital, unplanned ICU admission increased the risk of death by 4-fold. 47 Other studies have shown emergency surgery to be an important predictor of mortality in older patients. 48 Peritonitis was an independent predictor of death due to MOF. A total of 141 patients (24.0%) had peritonitis, of whom 18.4% developed sepsis within 48 hours of ICU admission. When sepsis progresses to sepsis-associated organ failure and hypotension, mortality increases from 27% to Ͼ50% in patients with septic shock. 49 Severe sepsis occurred in 23% of the patients in our cohort of high-risk surgical patients, with a hospital mortality rate of 64%. The nosocomial sepsis that is so typical of the later course of such patients in the ICU can occur as a consequence of organ dysfunction, prolonging their stay and increasing the risk of infection.
This study is limited by the relatively small number of patients and ICUs. However, although the size of the study was relatively modest, its selected study group is more likely to represent real surgical practice. Despite the large size of our country, all regions were represented. Our cohort was a population of high-risk surgical patients as demonstrated by the frequent prevalence of comorbid diseases and unplanned surgery, high degrees of physiologic derangement as shown by the high POSSUM and APACHE II scores, and the correspondingly high mortality rates. Bed shortages in Brazilian hospital ICUs may be the cause of the admission of higher risk cases than in some other countries.
In conclusion, the vast majority of deaths in this highrisk population of surgical patients were due to MOF. We identified several routinely available variables as strong predictors of the development of a fatal outcome due to MOF in our high-risk surgical ICU patients.
